We examine Alfvén Wave Solar atmosphere Model (AWSoM) predictions of the first Parker Solar Probe (PSP) encounter. We focus on the 12-day closest approach centered on the 1st perihelion. AWSoM (van der Holst et al., 2014) allows us to interpret the PSP data in the context of coronal heating via Alfvén wave turbulence. The coronal heating and acceleration is addressed via outwardpropagating low-frequency Alfvén waves that are partially reflected by Alfvén speed gradients. The nonlinear interaction of these counter-propagating waves results in a turbulent energy cascade. To apportion the wave dissipation to the electron and anisotropic proton temperatures, we employ the results of the theories of linear wave damping and nonlinear stochastic heating as described by Chandran et al. (2011). We find that during the first encounter, PSP was in close proximity to the heliospheric current sheet (HCS) and in the slow wind. PSP crossed the HCS two times, namely at 2018/11/03 UT 01:02 and 2018/11/08 UT 19:09 with perihelion occuring on the south of side of the HCS. We predict the plasma state along the PSP trajectory, which shows a dominant proton parallel temperature causing the plasma to be firehose unstable.
INTRODUCTION
The recently launched Parker Solar Probe (PSP, Fox et al. (2016) ) and upcoming launch of the Solar Orbiter (Müller et al. 2013) will provide a unique opportunity to track the evolution of structures in the inner heliosphere in unprecedented detail. PSP, with its closest perihelion of about 9.86 R Sun from the Sun will directly sample the solar corona in a region never before measured in situ. Solar Orbiter, with its combined suite of in-situ and remote sensing instruments, will orbit within 0.28 AU of the Sun, and will have opportunities to remotely observe structures in the corona and then sample those structures in-situ during its near co-rotational observing periods. PSP and Solar Orbiter will revolutionize our understanding of the solar wind with a suite of instruments that will directly observe the state of the thermal plasma distributions (Kasper et al. 20160 ) and electric and magnetic fields (Bale et al. 2016 ) over a wide range of heliographic latitude and distances. These observations will detect fluid and kinetic waves, the associated turbulent cascade of energy, and signatures of wave dissipation and the consequent heating of the particle populations.
The prime PSP mission includes 24 encounters with the Sun. For each, PSP goes from 0.25 AU to perihelion and back in about 11 days. The perihelion distance becomes progressively closer to the Sun as the mission progresses due to Venus gravity assists.
For these orbital parameters, PSP passes very rapidly between solar wind structures at perihelion, to sub co-rotational speeds at aphelion. Interpreting the resultant data require simulations for each encounter to put each encounter in context to understand the observations as PSP passes through both transitent structures and fast and slow wind streams.
Recent advances in three-dimensional (3D) time-dependent modeling have enabled investigating the evolution of the solar wind and solar transients as they escape the corona and are carried into the heliosphere (see reviews by Manchester et al. (2017a) , Kilpua et al. (2017), and Gombosi et al. (2018) ). Extended magnetohydrodynamic (MHD) models, specifically Alfvén wave driven models, are now capable of predicting turbulent wave amplitudes in the solar wind along with the wave reflection and dissipation rates as well as partitioning of coronal heating among particle species. In addition, full kinetic models coupled to the MHD models include the effects of kinetic instabilities in the solar wind, in particular on the distribution functions of the particle species. Together, the PSP and SO missions, along with state-of-the-art modeling capabilities will provide the most powerful combination of tools to address fundamental processes in the corona and heliosphere. 
AWSOM MODEL WITH ADAPT-GONG MAPS
The simulations are peformed with the Alfvén Wave Solar atmosphere Model (AWSoM, van der Holst et al. (2014) Proton temperature anisotropy instabilities, specifically the CGL (Chew, Goldberger, and Low) Firehose (Chew et al. 1956 ), mirror (Tajiri 1967) , and proton-cyclotron (Kennel et al. 1966) instabilities are accounted for by adding a relaxation source term to the parallel proton pressure equation. If the plasma exceeds this stability threshold, the source term will relax the plasma back to the marginal stable state with a relaxation time that is the inverse of the growth rate of the instability. To determine which GONG-ADAPT model realization works best for the AWSoM simulation of the PSP encounter, we first performed a 1AU validation study for all twelve GONG-ADAPT maps for Carrington rotation (CR) 2209, which was the last rotation before the PSP encounter. Figure 1 displays the solar wind speed, proton number density, proton average total temperature, and magnetic field strength along the Earth orbit for the model (black) and OMNI data (red), which contains the solar wind plasma and interplanetary magnetic field (IMF) conditions at 1AU. This simulation was performed with a GONG-ADAPT map with central meridian time 2018/10/13 UT 06:00. In this figure, we only show the first realization, since for this map the model output was closest to the observed data for the last few days of CR2209.
RESULTS
The perihelion of the first PSP encounter was at 2018/11/6 UT 3:27. To simulate the solar corona and inner heliosphere conditions for the first encounter we used the central meridian time for the GONG-ADAPT map that is closest to this time, hence we used 2018/11/6 UT 4:00. Since the first realization of the ADAPT maps provided the best 1AU results for CR2209, we used the first ADAPT realization for the PSP encounter as well.
With this map we converged the AWSoM model to a steady state for the solar corona and inner heliopshere in the Heliographic rotating (HGR) coordinate system.
In Figure 2 , we show the heliospheric current sheet (HCS) for this steady state. This isosurface, for which the radial magnetic field is zero, is colored with the radial solar wind To translate these energy densities into velocity and magnetic field fluctuations, we make an additional assumption that the reflected wave energy density propagating back to the Sun is small compared to the outward wave energy density. These fluctuations are shown in the bottom panels and we obtain at perihelion δB = 35 nT and δU = 35 km/s.
From the third panel on the right in Figure 4 , we see that the proton temperature anisotropy T ⊥ /T stays below 0.6 along the PSP trajectory, which together with the small magnetic field strength and hence high plasma beta result in a firehose unstable plasma. In Figure 5 , we show the trajectory in the (β p , T ⊥p /T p )-plane. Here, we also show the curves for which the proton-cycotron, Mirror, CGL firehose, parallel firehose, and oblique firehose are marginally stable. Values for these thresholds are taken from Verscharen et al. (2016) .
Indeed, the PSP trajectory is located below the firehose curves, suggesting that PSP was, during the encounter, in firehose unstable plasma. We note that AWSoM currently only incorporates the CGL version of the firehose instability. The parallel and oblique firehose instabilities are planned in future updates of AWSoM and will likely result in less anisotropy in the proton temperatures. The right panel in Figure 5 shows the radial solar wind speed and Alfvén speed (v A ) versus the radial distance of PSP. The model predicts that the solar wind remains super Alfvenic over the entire trajectory of the first encounter.
SUMMARY
In this paper, we made predictions of the first PSP encounter with the AWSoM global solar corona and inner heliosphere model. We find that PSP was close to the HCS, the trajectory was in the slow wind, the wind speed remains super Alfvenic along the entire encounter trajectory, and the plasma along the trajectory was firehose unstable. PSP 
